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Communication System Method and Apparatus 



Background 



5 I. Field 

The present invention relates to the field of communications. More 
particularly, the present invention relates to a novel and improved method and 
apparatus in a code division multiple access communication system for fast 
processing of a transmit signal. 

10 

IL Background 

Efficient processing of a signal for transmission from a transmitter is one 
of the sought after performance enhancements in communication systems, such 

15 as code division multiple access (CDMA) communication systems. Several of 
such CDMA communication systems are well known. One of the systems is the 
CDMA communication system operating based on the TIA/EIA-95 standard, 
commonly known as IS-95 standard, incorporated by reference herein. The IS- 
95 standard provides description and the operational requirements for the 

20 structure of transmit channels, such as the forward channels. The forward 
channels are directed from a base station to one or more mobile stations. 
Generally, the structure of the forward channels according to the IS-95 standard 
requires using binary phase shift-keying (BPSK) data modulation and binary 
pseudo noise (PN) spreading. The data bits after channel encoding are 

25 modulated through a BPSK modulator, and a binary PN spreading/ modulator 
spreads the BPSK modulated data symbols by inputting one symbol at a time. 
The binary PN spreading in this case includes two paths for the in-phase and 
quadrature-phase modulations. The results of each path pass through carrier 
modulation. After summing the carrier modulated signals from each path, the 

30 summed results are amplified for transmission from an antenna system. 
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Specific requirements for the IS-95 forward channel structure are described in 
section 7 of the IS-95 standard. 

A communication system defined and operated according to the 
TIA/EIA/IS-2000, commonly known as the IS-2000 standard, incorporated by 
5 reference herein, also includes a forward channel structure. The IS-2000 
forward channel structure is defined in section 3 of the standard. The IS-2000 
system is backward compatible to IS-95 system. On the forward channel, in 
addition to the requirement for BPSK modulation for IS-95 compatibility, IS- 
2000 systems require QPSK pre-spreading of the data symbols. For QPSK 
10 spreading/modulating, the input section of the modulator requires two data 
symbols at the same time, namely in-phase and quadrature-phase data 
symbols. 

In such systems, there is a need for efficient processing of signals to save 
processing time and reduce cost. Additionally, there is a greater advantage to 
15 provide a method and apparatus for efficient processing of data symbols in a 
transmitter for transmitting forward channel signals in a CDMA 
communication system. 



20 SUMMARY 

The presently disclosed method and apparatus are directed for efficient 
processing of signals in a communication system. In-phase and quad-phase 
data symbols are produced after an encoding process to facilitate efficient 
processing of a signal. Partitioning a RAM structure facilitates production of 
25 in-phase and quad-phase data symbols simultaneously. At least two 
scramblers are used to receive and scramble simultaneously the in-phase and 
quad-phase data symbols. A Walsh covering/summing block provides 
efficient Walsh covering and summing of signals for a combined transmission 
from the communication system. 

30 
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The features, objects, and advantages of the disclosed embodiments will 
become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 
5 FIG. 1 illustrates various processing blocks in a communication system 

transmitter; 

FIG. 2 illustrates a partitioned RAM structure for an interleaving 
operation in a transmitter of a communication system; 

FIG. 3 illustrates various processing blocks in a communication system 
10 transmitter which includes at least two scramblers; 

FIG. 4 illustrates a general block diagram of a communication system; 
FIG. 5 illustrates Walsh covering, summing, PN spreading and carrier 
modulation blocks of a transmitter; 

FIG. 6 illustrates a partitioned RAM structure for interleaving operations 
15 of several channels in a transmitter of a communication system; and 

FIG. 7 illustrates scrambling, Walsh covering, and summing blocks for 
several channels in a transmitter. 

20 DETAILED DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 

A novel and improved method and apparatus for efficient processing of 
signals in a communication system is described. The exemplary embodiment 
described herein is set forth in the context of a digital cellular telephone system. 

25 While use within this context is advantageous, different embodiments may be 
incorporated in different environments or configurations. In general, the 
various systems described herein may be formed using software-controlled 
processors, integrated circuits, or discrete logic. The data, instructions, 
commands, information, signals, symbols and chips that may be referenced 

30 throughout the application are advantageously represented by voltages, 
currents, electromagnetic waves, magnetic fields or particles, optical fields or 
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particles, or a combination thereof. In addition, the blocks shown in each block 
diagram may represent hardware or method steps. 

Referring to Fig. 1, a simplified block diagram of a forward channel structure 
100 is shown. The forward channel structure 100 may be used in a CDMA 
5 system operating according to the IS-2000 standard. Channel data bits are 
input to a channel encoder 101 to produce encoded channel data symbols. The 
functions in channel encoder 101 may include adding frame quality bits, and 
performing convolutional and/or turbo encoding. Channel encoder 101 passes 
the channel encoded symbols to a block interleaver 102 for an interleaving 

10 function. The interleaved data symbols are input to a long code 
scrambling/modulator block 103 where data symbols in each channel are 
scrambled with a long code mask. Other functions such as a power control 
symbol puncturing may also take place in long code scrambling/modulator 
block 103. A de-multiplexer 104 de-multiplexes the output of the long code 

15 scrambling /modulator block 103 to produce data symbols for QPSK PN 
spreading. Since QPSK PN spreading is used, two data symbols are outputted 
simultaneously with each clock cycle from de-multiplexer 104. A QPSK 
spreading block 105 modulates and spreads the input data symbols for 
subsequent amplification and transmission from an antenna system (not 

20 shown). 

QPSK spreading block 105 operates on at least two data symbols at its 
input with every clock cycle. The interleaver 102 and long code 
scrambling /modulator block 103 output one data symbol per clock cycle. As a 
result, de-multiplexer 104 may need to accumulate data symbols to output two 

25 data symbols with every clock cycle. As such, a processing "bottle neck" may 
be created at the input of QPSK spreading block 105 resulting in inefficient 
processing of a forward channel signal for transmission. 

Referring to Fig. 2, a block of data 201 for transmission in a 
communication system may be encoded at an encoding rate 1/R. The encoding 

30 may be performed by channel encoder 101 as described. The encoding rate 
may be Vi, M, or any other encoding rate. After encoding, R number of data 
symbols are produced for every encoded data bit. As a result, R number of 
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blocks of data are produced. In case of encoding at the rate Vz, two blocks of 
data are produced at the output of the encoder. The channel structure also may 
include a block interleaver, such as block interleaver 102, The block interleaver 
then receives two blocks of data, and in case of encoding rate at l A, four blocks 
5 of data. Block interleaver 102 inputs each block of data, rearranges the position 
of the data symbols in the block of data according to an interleaving function 
while writing the data into a RAM block, and outputs the rearranged block of 
data from the RAM block. 

To efficiently process data symbols in block interleaver 102, a block of 

10 RAM may be partitioned into two blocks of RAM 202 and 203. The data 
symbols of the received blocks of data are written into blocks of RAM 202 and 
203. The order of writing the data symbols and their respective locations in the 
RAM blocks 202 and 203 may be according to a predefined interleaving 
function. An exemplary interleaving function may be found in the IS-2000 or 

15 IS-95 standard. To output interleaved data symbols, the data symbols from 
each block of data are sequentially read. The sequential reading begins at a first 
RAM block of the two blocks of RAM 202 and 203. The sequential reading 
continues to a second RAM block of the two blocks of RAM 202 and 203. The 
sequential reading ends at the second RAM block of the two blocks of RAM 202 

20 and 203. The first and second RAM blocks may be respectively RAM blocks 
202 and 203. 

Reading and writing functions may be performed simultaneously for a 
first and second blocks of data respectively associated with a first and second 
frames of data. The writing function is associated with the first frame of data 

25 while the reading is associated with the second frame of data. The second 
frame of data being in advance of the first frame of data for transmission from 
the communication system. The reading and writing functions are taking place 
simultaneously in respectively two sets of blocks of RAM. Each set includes 
two blocks of RAM. A first set 298 may include RAM blocks 202 and 203, and a 

30 second set 297 may include RAM blocks 204 and 205. The data symbols in the 
second set have been written prior to writing data symbols in the first set. By 
keeping two sets, the writing and reading functions may be alternated between 



[PA000131] 

6 

the first and second sets. As such, simultaneous writing and reading functions 
may take place at all times. 

Each block of RAM, such as any of RAM blocks 202-05, may be 
partitioned to include at least a pair of sub-blocks of RAM. The sub-blocks of 
5 RAM are shown as sub-blocks 212-13 for RAM block 202, 214-15 for RAM block 
203, 216-17 for RAM block 204, and 218-19 for RAM block 205, One of the sub- 
blocks of RAM in each pair stores in-phase data symbols, and another quad- 
phase data symbols. The in-phase and quad-phase data symbols are stored in 
respective sub-blocks. The location for each data symbol is determined 

10 according to the interleaving function. The sequential reading of the data 
symbols may include reading the RAM sub-blocks simultaneously. As a result, 
at each reading step, an in-phase data symbol and a quad-phase data symbol 
are produced simultaneously with each clock cycle. For example, referring to 
RAM block 204, the read function allows reading data bits at each RAM 

15 location from both sub-blocks 216 and 217. Since in-phase and quad-phase data 
symbols are stored in respectively sub-blocks 216 and 217, in-phase and quad- 
phase data symbols are read and produced simultaneously. 

Producing an in-phase data symbol and a quad-phase data symbol at the 
same time with one clock cycle is beneficial and efficient for a QPSK spreader, 

20 which requires an in-phase data symbol and a quad-phase data symbol at its 
input, and is in a chain of signal processing blocks in a transmitter of the 
communication system. When the data symbols are processed two at a time for 
the QPSK spreader, a processing "bottle neck" as described may not be created. 
As a result, the signal processing of the signal is performed more efficiently in 

25 the transmitter. 

Referring to Fig. 3, an exemplary block diagram of a transmitter 300 for 
processing signal is shown. Transmitter 300 may be suitable for transmitting 
CDMA signals, such as froward channel CDMA signals. Transmitter 300 
includes a channel encoder 301 for encoding channel data. An example of such 

30 an encoder for various channels has been described in the IS-2000 standard and 
other similar standards such as the WCDMA standard. Channel encoder 301 
may perform convolutional encoding, turbo encoding symbol adding, and 
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repetition. Input data bits are encoded to produce encoded data symbols. The 
terms data bit and data symbol are interchangeable in some respect. One data 
symbol depending on the modulation and encoding scheme may be 
represented by several data bits. Encoder 301 depending on the encoding rate 
5 produces multiple data symbols for every input data bit. Several encoding 
rates may be possible. For example, encoding rate Vz, 1/3 and 1/6 are all 
possible in the system operating according to the IS-2000 standard. In case of 
encoding at rate V2, two data symbols are produced for every input data bit, 
and in case of encoding at rate four data symbols are produced. As such, 

10 when a block of data such as data block 201 inputs encoder 301, two blocks of 
data are produced for encoding at rate Vz, and four blocks of data in case of 
encoding at rate X A. 

Encoded data symbols pass through a block interleaver 302 for a data 
block interleaving. Basic operations of an interleaver are well known in the art. 

15 Data symbols inputted to interleaver 302 are rearranged according to an 
interleaver function. The interleaved data symbols are outputted. For a QPSK 
spreader 310 in a chain of signal processing blocks in transmitter 300, 
producing an in-phase data symbol and a quad-phase data symbol at the same 
time with one clock cycle at the output of interleaver 302 is beneficial and 

20 efficient. When multiple data symbols are processed simultaneously, for 
example an in-phase data symbol and a quad-phase data symbol for the QPSK 
spreader, a processing "bottle neck" may not be created. The process described 
for RAM blocks 202-03 and/or 204-05 may be used to generate the in-phase and 
quad-phase data symbols simultaneously. As such, interleaver 302 may 

25 include a similar RAM structure. 

Before QPSK spreading, encoded data symbols may need to be 
scrambled according to a long code assigned to each channel and /or a user of 
the channel. Operation of a long code scrambler is well known and described 
in the IS-2000 standard, as an example. Long code scrambling of data symbols 

30 involves generating a long code. A long code generator 303 may be necessary 
to perform long code generation. Since block interleaver 302 produces an in- 
phase data symbol and a quad-phase data symbol at the same time, long code 
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generator 303 provides two long code bit streams 304 and 305 at the same time. 
Long code stream 304 may be used for scrambling in-phase data symbols in an 
I-scrambler 306, and long code stream 305 for scrambling quad-phase data 
symbols in a Q-scrambler 307. The in-phase and quad-phase data symbols are 
5 passed to respectively I-scrambler 306 and Q-scrambler 307 for data scrambling 
operations to produce scrambled in-phase and quad-phase data symbols 311 
and 312 respectively. 

A difference between the I and Q scrambling operations may be in the 
long code streams used for the scrambling operations. The long code streams 

10 304 and 305 are generated by long code generator 303 at different tap outputs. 
An I mask and a Q mask may be used to generate, respectively, long code 
streams 304 and 305. Long code stream 305 may be in advance of long code 
stream 304 by a fixed or variable number of codes according to the masks being 
used. For example, long code stream 304 may be in advance of long code 

15 stream 305 by 64 code symbols. Long code generator 303 internally generates a 
long code consisting of a stream of code symbols. The stream of code symbols 
is tapped at two different points, for example 64 symbols apart, to provide long 
code streams 304 and 305. The in-phase data symbols are scrambled in I- 
scrambler 306 via long code stream 304, and quad-phase data symbols are 

20 scrambled in Q-scrambler 307 via long code stream 305. Scrambled in-phase 
and quad-phase data symbols 311 and 312 are produced simultenously. 
Scrambled in-phase and quad-phase data symbols are simultenously passed to 
QPSK spreader 310 for spreading according to a QPSK spreading scheme. As 
such, processing a signal for transmission in transmitter 300 is peformed 

25 efficiently. 

The operations in spreader 310 may include Walsh cover operation 
before QPSK spreading. Each user or channel may have its unique Walsh 
cover. The operation of Walsh cover is well known, and one or more examples 
have been described in the IS-2000 standard. After QPSK spreading, the 
30 resulting signal passes through carrier modulation to produce a spread 
spectrum signal 313 for transmission from the communication system. 
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The efficiency of processing a transmit signal, moreover, is improved 
when data symbols for one frame is being read while data for another frame is 
being written in interleaver block 302. To facilitate writing data symbols for 
one frame of data and reading for another frame of data, block interleaver 302 
5 may include a block of RAM 299, shown in Fig* 2. RAM block 299 may be 
partitioned into two sets of blocks of RAM 297 and 298. Each set may include 
two blocks of RAM. In case of RAM set 298, RAM blocks 202 and 203 are 
shown, and in case of set 297, RAM blocks 204 and 205 are shown. RAM blocks 
202-05 may be considered to be parts of the larger RAM block 299. For writing 

10 data symbols of the first frame of data, data symbols are written into a first set 
of the two sets of blocks of RAM 297 and 298. The writing may be according to 
a predefined interleaving function. For reading data symbols of the second 
frame of data, data symbols are read sequentially from a second set of the two 
sets of blocks of RAM 297 and 298. The first set at one time may be the set 298, 

15 and another time set 297. Similarly, the second set may be at one time the set 
297 and another time set 298. As such, while the data is being written in one 
set, the data is being read from the other set. 

The reading operation is performed sequentially at each RAM location. 
For example in RAM set 297, the sequential reading begins at a first RAM 

20 block, for example RAM block 204, of the two blocks of RAM 204 and 205, and 
continues to a second RAM block, for example 205, of the two blocks of RAM of 
204 and 205. The sequential reading ends at the second RAM block 205 of the 
two blocks of RAM 204 and 205 of RAM set 297. In RAM block 299, each block 
of RAM is partitioned to at least two sub-blocks of RAM for storing in-phase 

25 data symbols and quad-phase data symbols. At each reading step, two data 
symbols are read, one being the in-phase and another quad-phase. Two RAM 
sub-blocks are read simultaneously at each of the sequential reading step, to 
produce an in-phase data symbol and a quad-phase data symbol 
simultaneously. The in-phase data symbol and quad-phase data symbol are 

30 simultaneously input, respectively, to I-scrambler 306 and Q-scrambler 307, 
which improves the efficiency of processing the transmit signal. 
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The RAM structure 299 may include a write pointer, not shown for 
simplicity, for writing data symbols into a first set of two sets 297 and 298 of 
blocks of RAM. Operation of a write pointer in the context of a RAM structure 
is well known in the art. The write pointer may be programmed to write the 
5 input data symbols according to a predefined interleaving function used in 
block interleaver 302. In addition, RAM structure 299 may include a read 
pointer for sequentially reading data bits. If the reading operation, for 
example, is taking place for the set 297, the read pointer sequentially begins 
reading at RAM block 204, and continues to RAM block 205. The read pointer 

10 ends reading data symbols at RAM 205. Each block of RAM in the two blocks 
of RAM in sets 297 and 298 includes at least two sub-blocks of RAM. Via the 
write pointer, one of the two sub-blocks of RAM stores in-phase data symbols, 
and another quad-phase data symbols. Via the read pointer, the two RAM sub- 
blocks are read simultaneously at each of the sequential reading to produce an 

15 in-phase data symbol and a quad-phase data symbol simultaneously. 

Referring to Fig. 4, a block diagram of an exemplary communication 
system 400 is shown. Communication system 400 may include a base station 
410 connected to a land-based network 401. Land-based network 401 provides 
land-based connections, such as land-based telephone connections and data 

20 network connections, to users of communication system 400. Base station 410 
may also be connected to other base stations (not shown for simplicity.) The 
wireless users of communication system 400 may be a number of mobile 
stations, such as mobile stations 451-53. Although only three mobile stations 
are shown, any number of mobile stations in the communication system 400 

25 may be possible depending on the system capacity. The mobile stations 
maintain communication links with base station 410 for receiving and 
transmitting information, such as voice information and data information. The 
communication link between base station 410 and each mobile station may 
include a forward link from the base station to the mobile stations, and a 

30 reverse link from each mobile station to the base station. Various 
configurations of the reverse and forward links have been described in the IS- 
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95, IS-2000, and W-CDMA standards. Base station 410 may incorporate 
transmitter 300 for transmission of the forward link signals. 

On the forward link, the channel data bits are passed on to channel 
encoder 301. The channel data may be generated by land-based network 401 or 
5 other possible sources. Channel data for more than one destination user may 
be generated and passed on to channel encoder 301. Encoded data symbols are 
passed to block interleaver 302 which interleaves the data symbols for each 
channel according to an interleaving function. Since channel encoder 301 may 
encode channel data bits for more than one channel, block interleaver 302 may 

10 receive encoded data symbols associated with one or more channels on the 
forward link communications. Interleaved data symbols pass through a long 
code scrambling operation as disclosed. Each channel may be assigned a long 
code. The interleaved data symbols for each channel pass through an associated 
long scrambling operation on the forward link. The long scrambled data 

15 symbols for each channel are passed on to QPSK spreading 310 to form a 
combined forward link signal. In particular, beneficial aspects of various 
disclosed embodiments are more apparent in the application of the forward 
link. As such, block interleaver 302 may be configured according to various 
disclosed embodiments for efficient processing of signals in the forward link 

20 direction when several forward link channels are being combined in the 
forward link signal. 

Referring to Fig. 5, a block diagram of QPSK spreader 310 is shown. 
Operations of QPSK spreader 310 as shown include the Walsh cover operation, 
summing operation for summing the signals of each forward link channel, 

25 complex multiplier operation, base band filtering operation, and carrier 
modulation operation to produce signal 313 for amplification and transmission 
from base station 410 to mobile stations in the coverage area. QPSK spreader 
500 may include more or less operations in a variety of configurations. A 
Walsh code normally is assigned to each channel in the forward link direction. 

30 After long code scrambling, the resulting I and Q signals pass through a Walsh 
cover operation. The Walsh cover operation for a channel is shown in a Walsh 
cover block 510. Walsh cover operation in block 510 includes multiplying the 
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input I and Q signals 311 and 312 by the assigned Walsh function to produce 
Walsh covered I and Q signals 506 and 507. 

If there are other channels to be combined on the forward link, I and Q 
signals 541 and 542 of other channels, after being Walsh covered by respective 
5 Walsh codes, like the Walsh cover operation in Walsh cover block 510, are 
inputs to summing blocks 543 and 544. Before Walsh cover operation, I signals 
541 and Q signals 542 are passed through encoding and block interleaving 
operations, and long code scrambling operations similar to the long code 
scrambling operations shown for I signal 311 and Q signal 312. After the Walsh 

10 cover operations, I signals 506 and 541 are summed in summing block 543, and 
Q signals 507 and 544 in summing block 542. The results are combined I-signal 
545, and combined Q-signal 546. 

The next operation in QPSK spreader 310 includes a complex multiplier 
operation 570 via PNI sequence 547 and PNQ sequence 548. PNI and PNQ 

15 sequences 547 and 548 are I and Q channels PN sequences. The combined I and 
Q signals 545 and 546 are complex multiplied by PNI and PNQ sequences 547 
and 548. The complex multiplier operation 570 includes spreading signals 545 
and 546 to produce I and Q signals 571 and 572. Base band filters 573 and 574 
may be used to filter I and Q signals 571 and 572. To carrier modulate I and Q 

20 signals 571 and 572 after filtering, multipliers 575 and 576 are used. The 
resulting signals are combined in a combiner 577 to produce combined signal 
313. Signal 313 is amplified for transmission from one or more antennas at base 
station 410. 

Referring to Fig. 6, to provide efficient interleaving operations associated 
25 with one or more forward channels which are combined on a forward link 
signal, a RAM structure 600 is partitioned into a plurality of blocks of RAM, 
such as blocks of RAM 601-03. Although only three partitioned blocks are 
shown, other number of partitioned RAM blocks is also possible. Each of 
blocks of RAM 601-03 is partitioned into two sets of blocks of RAM. For 
30 example, RAM block 601 is partitioned into two sets of blocks of RAM 610 and 
611, similarly for RAM block 602, sets 620 and 621, and for RAM block 603, sets 
630 and 631. Moreover, each set includes two blocks of RAM. For example in 
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case of set 610, blocks of RAM 612 and 613, and set 611, blocks of RAM 614 and 
615. 

RAM blocks 601, 602 and 603 are each associated with a channel in the 
forward link. Each of the plurality of blocks of RAM 601-03 holds data 
5 associated with a channel. For storing data, data symbols are written into a 
first set of the two sets of blocks of RAM. The first set, in case of RAM block 
601, may be at one time set 610, and at another time set 611. Writing data is 
according to a predefined interleaving function. To read the data for each of 
the plurality of blocks of RAM 601-603, a read pointer sequentially reads data 

10 symbols from a second set of the two sets of blocks of RAM. The second set, in 
case of RAM block 601, may be at one time set 610, and at another time set 611. 
When writing data is taking place in the first set, reading data may take place in 
the second set. Writing data in each of the plurality of blocks of RAM 601-03 
may take place at the same time. Moreover, reading data from each of the 

15 plurality of blocks of RAM 601-03 may take place at the same time. 

Sequential reading for each of the plurality of blocks of RAM 601-03 
begins at a first RAM block of the second set. For example, if the second set is 
set 611, the sequential reading of data begins at RAM block 614. The sequential 
reading continues to a second RAM block of the second set, namely, according 

20 to the example, RAM block 615. The sequential reading ends at the second 
RAM block of the second set, namely, according to the example, RAM block 
615. 

For each of the plurality of blocks of RAM 601-03, each block of the two 
blocks of RAM in each set is partitioned to at least two sub-blocks of RAM. 

25 One of the two sub-blocks of RAM via the writing process stores in-phase data 
symbols, and another quad-phase data symbols. The RAM sub-blocks are read 
simultaneously at each step of the sequential reading to produce an in-phase 
symbol and a quad-phase data symbol simultaneously. As such, while reading 
data from the plurality of blocks of RAM 601-03, in-phase and quad-phase data 

30 symbols are produced at the same from each block of RAM. Therefore, in- 
phase and quad-phase data symbols associated with three forward channels 
corresponding to the plurality of blocks of RAM 601-03 are produced at the 
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same time. Producing the data symbols at the same time improving the 
efficiency of processing the transmit signals. 

Each set of RAM holds data bits for one frame of data. For example, 
RAM set 610 consisting of RAM blocks 612 and 613 holds data for filling one 
5 frame of data. Since RAM blocks 601, 602 and 603 are each associated with a 
channel in the forward link, each block holds data, which are stored and read, 
for each channel. For example, for each channel, while data is being written in 
set 610, data are being read from set 611. Similarly for other channels in other 
RAM blocks, while data are being written in one set in a RAM block, data are 

10 being read from the other set in the same RAM block. 

Each frame of data in each channel has a fixed number of data bits. As 
such, the read operation of RAM blocks 601, 602 and 603 may be simplified. 
For example, if a read pointer 691 is reading data from a RAM location in RAM 
set 611, a read pointer 692 would be pointing to another RAM location in set 

15 621. The read pointer 692 at all times would be in a fixed relation with respect 
to the location of read pointer 691. For example, if the read pointer 691 is 
pointing to the first RAM location in set 611, read pointer 692 is pointing to the 
first RAM location in set 621. The fixed offset between the read pointers 691 
and 692 would be equal to the size of a RAM block, such as RAM blocks 601 

20 and 602. Since RAM structure 600 is partitioned into a plurality of blocks of 
RAM, such as blocks of RAM 601-03, each having equal number of RAM 
locations, the offset between other read pointers would also remain the same. 
Therefore, the read operations for all blocks would use one read offset for all 
read pointers such as read pointers 691-93. As such, reading data from the 

25 RAM blocks 601-03 may be simplified by having minimal processing for 
calculation of read pointer locations for each block of RAM. 

RAM structure 600 may be partitioned into any number of blocks of 
RAM, each having equal number of RAM locations. The number of blocks of 
RAM in RAM structure 600 may be equal to the number of channels being 

30 processed by an integrated circuit handling channel interleaving operations in 
the system. For simplicity, three blocks of RAM 601, 602, and 603 are shown 
corresponding to three different channels, although other number of blocks of 
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RAM corresponding to equal number of channels is possible. The three read 
pointers 691, 692, and 693 are corresponding to three different channels. To 
handle processing of block interleaving for all three channels, read pointers 692 
and 693 are set in fixed increments from read pointers 691. As a result, 
5 controlling the operation of RAM structure 600 needs only to handle one read 
pointer with multiple fixed offsets. Such a simplification allows efficient 
processing of interleaving operations in a multi-channel system. 

Referring to Fig. 4 again, base station 410 may also transmit a pilot 
channel to be received by all mobile stations in the coverage area. Operations 

10 of pilot channel are well known and have been described in IS-95, IS-2000, and 
WCDMA standards. Pilot channel is transmitted to the mobile stations to assist 
the mobile stations in determining the characteristics of the propagation 
channel. The pilot channel information is used in decoding other channels such 
as traffic channels, paging channels, and other control channels. The frame 

15 timing of each forward link channel may be staggered with respect to a frame 
timing measured from the pilot channel PN sequence. This is commonly 
referred to as frame offset. Frame offset is performed to prevent possible large 
power fluctuations in the forward link signal. Although several forward link 
channels may have common frame offset, other forward link channels may be 

20 assigned to a different frame offset. Pilot channel PN sequence 430 may be 
repeated every 26.6 mSec. The forward link frame offset is measured from the 
beginning of pilot channel PN sequence 430. For frame time offset 431 (frame 
offset "0"), the beginning of the frame coincides with the beginning of pilot 
channel PN sequence 430. For frame time offset 432 (frame offset "1"), the 

25 beginning of the frame is in time offset from the beginning of pilot channel PN 
sequence 430 by a predetermined number of chips, possibly, equal to 1.25 mSec. 
For frame time offset 433 (frame offset "2"), the beginning of the frame is in 
time offset from the beginning of pilot channel PN sequence 430 by a 
predetermined number of chips, possibly, equal to two times 1.25 mSec, i.e. 2.5 

30 mSec. One frame of forward link may be equal to 20 mSec. Therefore, there 
may be as many as 16 possible frame time offsets, each time offset being equal 
1.25 mSec from the next immediate time offset, before the beginning of a frame 
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offset coinciding with the beginning of another frame offset. More than one 
channel may use the same frame offset. 

RAM blocks 601-03 may be associated with correspondingly three 
different channels. The channels may use different frame offsets, for example 
5 frame offsets 431-33. The channels corresponding to RAM blocks 601-03 may 
have, respectively, frame offsets 0, 1 and 2. As such, writing data in each block 
is shifted according to the time offsets. To illustrate, while referring to Fig. 6, 
RAM blocks 601-03 are shown with shaded portions. The shaded portions 
indicate the RAM locations where data are possibly being written at a given 

10 time. For example, in RAM block 601, the shaded portions occupy RAM 612 
and 613, beginning at RAM 612 and ending at RAM 613. If the channel 
associated with block of RAM 602 is in time offset "1" \ and time offset "1" is in 
time offset by 1.25 mSec, the beginning of the shaded portion in block of RAM 
602 is shifted by a number of RAM locations equal to a number of data symbols 

15 that may occupy 1.25 mSec of a frame of data. The shaded portion 
correspondingly is shifted from set 620 into set 621 by the same amount. If the 
channel associated with block of RAM 603 is in time offset "2" and time offset 
"2" is in time offset by two times 1.25 mSec (2.5 mSec), the beginning of the 
shaded portion in block of RAM 603 is shifted by a number of RAM locations 

20 equal to a number of data symbols that may occupy 2.5 mSec of a frame of data. 

Since read pointers 691-93 are kept pointing to the same respective 
locations in each block of RAM, the data output for each respective channel is 
consequently shifted in time in an amount equal to the frame time offset. This 
may be illustrated by referring to timing of data frames 670-72. Frame of data 

25 670 having frame offset "0" may be the frame of data read from RAM block 601. 
Frame of data 671 having frame offset "V may be the frame of data read from 
RAM block 602. Note that the beginning of the frame is in time offset by an 
amount equal to 1.25 mSec. Frame of data 672 having frame offset "2" may be 
the frame of data read from RAM block 603. Note that the beginning of the 

30 frame is in time offset by an amount equal to 2.5 mSec. As such, when the data 
are written in the RAM blocks with corresponding frame offsets, reading data 
for data frames having different frame offsets is simplified. 
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For data frame 670 having frame offset "0", sequential reading of data 
begins at RAM block 614, continues to RAM block 615, and ends at RAM block 
615. For data frame 671 having frame offset "1", sequential reading begins in 
set 621 but a number of data symbols equal to the time offset are either ignored 
5 or discarded. The sequential reading for data frame 671 continues in set 620. 
The sequential reading may end in set 621. The number of data symbols read 
from set 621 is equal to the number of data symbols that were discarded or 
ignored in set 620. For data frame 672 having frame offset "2", sequential 
reading begins in set 631 but a number of data symbols equal to the time offset 

10 are either ignored or discarded. The sequential reading for data frame 672 
continues in set 630. The sequential reading may end in set 631. The number of 
data symbols read from set 631 is equal to the number of data symbols that 
were discarded or ignored in set 630. 

For transmission of a frame of data, such as data frame 201, the data 

15 frame may pass through an encoding process in channel encoder 301 before the 
interleaving operation in block interleaver 302. Different encoding rates are 
possible. For example, for encoding rates V2 and 1/4, respectively two and four 
data symbols are produced for every data bit at the input. Either BPSK or 
QPSK spreading follows the interleaving operation. For BPSK spreading, as it 

20 is well known, the Q-leg of the spreading operation is prefixed to zero. The IS- 
95 standard describes the requirements for the BPSK spreading. This may also 
be the situation in radio configurations 1 and 2 as shown and described in the 
IS-2000 standard. The radio configurations 1 and 2 are provided in the IS-2000 
standard as a part of backward compatibility with IS-95 standard. Radio 

25 configurations 3-9 as described in IS-2000 standard require QPSK spreading. 
As a result, a communication system operating according to IS-2000 standard 
may be required to have BPSK and QPSK spreadings. In order to have an 
efficient signal processing, the RAM structure 600 may need to have capacity to 
handle interface with both BPSK and QPSK spreadings. 

30 The size of each block of RAM in RAM structure 600 is set to 8 rows of 

RAM. The first four rows are allocated to the first set, and the last four to the 
second set. From the description provided for efficient processing of transmit 
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signals, the data are being written in the first set, while data are being read 
from the second set. For example, block of RAM 601 is divided into rows 681- 
688. The first four rows 681-684 forms the first set, set 610, and the last four 
rows 685-88 forms the second set, set 611. Each row would be long enough to 
5 hold data bits included in one data frame 201. Each row may be set to hold 192 
data symbols. Each row may be considered a sub-block. Each row holds either 
in-phase data symbols or quad-phase data symbols. 

For BPSK spreading following the interleaver operation, the row 
assigned to hold the quad-phase data symbols is filled with data symbols all 

10 equal to zero. As such, when the data symbols are read for BPSK spreading, 
the quad-phase data symbols having all zero value are used to effect a BPSK 
spreading. For example, sub-block 687 may store in-phase data symbols, and 
sub-block 688 may hold quad-phase data symbols. In case of BPSK spreading, 
the data symbols stored in sub-block 688 may be all zeros, or the data symbols 

15 stored may be ignored and a zero is substituted in the reading operation. The 
configuration of the forward channels according to the radio configurations 1 
and 2 based on the IS-2000 standard requires channel encoding at a rate of Vi 
with BPSK spreading. In this case, encoding of data bits of a frame of data 
produces data symbols equal to two frames of data, which would fill two sub- 

20 blocks. For example, if set 610 is being used to write the interleaved data 
symbols, sub-blocks 681 and 683 are needed. The sub-blocks 682 and 684 are 
filled with zeros, or the stored value may be ignored during the reading 
operation and zero value is substituted. 

In radio configurations 3 and 5, the encoding rate is M with QPSK 

25 spreading. Therefore, the encoder produces data symbols equal to four frames 
of data for one frame of data at the input. In this case, if, for example, set 610 is 
being used for writing the interleaved data, all the RAM locations in sub-blocks 
681-84 are needed to store all the interleaved data. The in-phase data symbols 
are written in sub-blocks 681 and 683, and the quad-phase data symbols in sub- 

30 blocks 682 and 684. 

In radio configuration 4, the encoding rate is Vi, and QPSK spreading is 
used. In this case, the encoder produces data symbols equal to two frames of 
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data for each frame of data at the input. Since each set includes four rows of 
RAM, the encoded data produced in radio configuration 4 are written in four 
rows of RAM while skipping at least some of the RAM locations. For example, 
using rows 687 and 688, the encoded data are written in RAM locations 0, 2, 4, 
5 ...190, 192, while skipping RAM locations 1, 3,..., 191. During the reading 
operations, RAM locations 1, 3,..., 191 are ignored. For the QPSK operation, 
the RAM locations 0, 2, 4, ...190, 192 in rows 787 and 688 are read 
simultaneously for respectively the in-phase and quad-phase data symbols. As 
such, the processing for calculations of the read pointer locations for different 

10 radio configurations is simplified. 

It is also advantageous to provide efficient transmit signal processing for 
the Walsh covering operations and the summing operations. Data symbols for 
each channel pass through a Walsh cover operation to produce Walsh covered 
data symbols. Walsh cover operation includes multiplying the data symbol 

15 with a Walsh symbol. One Walsh symbol may be a number of chips, such as 64 
chips. Therefore, sixty four chips are produced for every data symbol. The in- 
phase data symbols and quad-phase data symbols are passed through 
independent Walsh covering operations as shown at block 510. Walsh covered 
data symbols of different channels are summed to form a summed signal for 

20 transmission of a forward link signal that includes more than one forward 
channel. The summing operations for in-phase and quad-phase data Walsh 
covered symbols are shown at blocks 543 and 544. As such, it is advantageous 
to provide efficient Walsh covering and summing operations. 

Referring to FIG. 7, a block diagram of a processing block 700 is shown 

25 for producing combined Walsh covered signals 545 and 546. The operations 
are the same for producing signals 545 and 546. Signal 545 is represented as the 
I-signal, and signal 546 as the Q-signal. RAM block 600 produces at the same 
time the in-phase and quad-phase data symbols for each channel from RAM 
sets 601-03. The quad-phase data symbols are shown at 701-03, and in-phase 

30 data symbols at 711-13. Quad-phase data symbols 701-03 each pass through a 
long code scrambling block 751 to produce scrambled quad-phase data symbols 
761-63. In-phase data symbols 711-13 each pass through a long scrambling 
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block 750 to produce scrambled in-phase data symbols 771-73. Symbols 771 
and 761 are associated with a first channel and are assigned a Walsh code WO. 
Symbols 772 and 762 are associated with a second channel and are assigned a 
Walsh code Wl. Symbols 773 and 763 are associated with a third channel and 
5 are assigned a Walsh code W2. Data symbols 771-73 and 761-63 are passed to 
Walsh covering/combining blocks 781-86. A buffer 790 may be used to buffer 
the data symbols, otherwise, the data symbols are passed on directly. 

Walsh covering/combining blocks 781-83 receive in-phase data symbols 
771-73. In block 781, a multiplier 791 multiplies data symbol 771 with the 

10 assigned Walsh code WO. In block 782, a multiplier 792 multiplies data symbol 
772 with the assigned Walsh code Wl with a delay at least equal to one chip 
time from the time of multiplication performed by multiplier 791. In block 783, 
a multiplier 793 multiplies data symbol 773 with the assigned Walsh code W2 
with a delay at least equal to one chip time from the time of multiplication 

15 performed by multiplier 792. The Walsh covered data symbol in block 781 is 
produced one chip time ahead of the data symbol in block 782, and two chips 
time ahead of the data symbol in block 783. Since Walsh covered data symbol 
in block 781 is ready before the Walsh covered data symbol in block 782, it is 
passed on to a summer 775 to be summed at the same time with Walsh covered 

20 data symbol being produced in block 782. The result is stored in a buffer 778. 
At this point, buffer 778 holds a summed result of the first data symbols 
produced by blocks 781 and 782. This summed result is ready by at least one 
chip time before Walsh covered data symbol in block 783 is produced. The 
summed results from buffer 778 is passed on to a summer 776 to be summed 

25 with Walsh covered data symbol produced by a multiplier 793. The result is 
placed in a buffer 779. At this point, buffer 779 holds a data symbol which is 
the summed result of the first data symbols of the three channels associated 
with data symbols 711-13. The summed result from buffer 779 is passed on as 
the first symbol of the signal 545. Since a data block may hold 192 data 

30 symbols, the process is repeated for all other data symbols to produce Walsh 
covered summed data symbols for signal 545. 
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For example, the second data symbol entering in block 781 is processed 
when block 782 is processing the first data symbol. As a result, when block 782 
is processing the second data symbol, block 781 has produced the second data 
symbol in buffer 777 and passed on to be summed with the second data symbol 
being produced in block 782. Similarly, when block 783 is processing the 
second data symbol, the Walsh covered summed second data symbol is ready 
and have been placed in buffer 778, which is to be passed on to summer 776 to 
be summed with the second Walsh covered data symbol produced by 
multiplier 793. The result is placed in buffer 779 to be used as the second data 
symbol of signal 545. The process is repeated for producing other data symbols 
for signal 545. 

Walsh covering /combining blocks 784-86 receive quad-phase data 
symbols 701-03. In block 784, a multiplier 794 multiplies data symbol 761 with 
the assigned Walsh code WO. In block 785, a multiplier 795 multiplies data 
symbol 762 with the assigned Walsh code Wl with a delay at least equal to one 
chip time from the time of multiplication performed by multiplier 794. In block 
786, a multiplier 796 multiplies data symbol 763 with the assigned Walsh code 
W2 with a delay at least equal to one chip time from the time of multiplication 
performed by multiplier 795. The Walsh covered data symbol in block 784 is 
produced one chip time ahead of the data symbol in block 785 and two chips 
time ahead of data symbols in block 786. Since Walsh covered data symbol in 
block 784 is ready before the Walsh covered data symbol in block 785, it is 
passed on to a summer 765 to be summed at the same time with Walsh covered 
data symbol being produced in block 785. The result is stored in a buffer 768. 
At this point, buffer 768 holds a summed result of the first Walsh covered data 
symbols produced by blocks 784 and 785. This summed result is ready by at 
least one chip time before Walsh covered symbol in block 786 is produced. The 
summed results from buffer 768 is passed on to a summer 766 to be summed 
with Walsh covered data symbol produced by a multiplier 796. The result is 
placed in a buffer 769. At this point, buffer 769 holds a summed result of the 
first quad-phase Walsh covered summed data symbols of the three channels 
associated with data symbols 701-03. The summed result from buffer 769 is 
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passed on as the first data symbol of the signal 546. Since a data block may 
hold 192 data symbols, the process is repeated for all other data symbols to 
produce Walsh covered summed data symbols for signal 546. 

The second data symbol of the frame data in block 784 is processed 
5 when block 785 is processing the first data symbol. As a result, when block 785 
is processing the second data symbol, block 784 has produced the second data 
symbol in buffer 767 and passed on to be summed with the second data symbol 
being produced in block 785. Similarly, when block 786 is processing the 
second data symbol, the Walsh covered summed second data symbol is ready 
10 and have been placed in buffer 768 which is passed on to summer 766, to be 
summed with the second Walsh covered data symbol produced by multiplier 
796. The result is placed in a buffer 769 to be used as the second data symbol of 
signal 546. 

The operation of block 700 may be performed by an integrated digital 
15 circuit. Use of clock cycles for operation of digital circuits is well known. As 
such, the data symbols at buffer 779 and 769 may be produced in at least two 
clock cycles. One clock cycle for each multiplication in blocks 791-96, and one 
clock cycle for each summing operation in summers 774-76 and 764-66. Since 
most digital circuits also use over sampled clock frequency, the clock frequency 
may be multiple times the chip rate of the Walsh chip used in the Walsh 
covering operations. The number of signals being combined is not limited to 
three signals as shown in FIG. 7. The process described for three channels may 
be repeated for as many channels as desired. For example, sixty four channels 
may be involved in the operation of block 700. 

To improve the efficiency of processing a transmit signal on a forward 
link, the operation of the blocks 781-86 may be modified to include a feedback 
such as feedbacks 720 and 721. For example, if there are more than three 
channels to be combined on the forward link, blocks 781-86 may be repeatedly 
used for different channels until all channels have been combined for the 
forward link signals 545 and 546. When one chip is produced at buffers 779 
and 769 in every two clock cycles, three chips relating to the three channels are 
processed. If the clock cycle is 16 times the chip rate, the process may be 
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repeated eight times for processing a total of 24 chips. Since three blocks 781-83 
for the I-channel, and three blocks 784-86 for Q-channel are shown, the 
processing completed in one chip time may be repeated for an additional 21 
chips associated with 21 additional channels. Therefore, blocks 781-86 may be 
5 reused for processing data symbols associated with the additional channels 
within one chip time. As such, the three blocks 781-83 may be used for Walsh 
covering and summing of a total of 24 channels to produce a chip for signal 545 
within a chip time. The feedback 720 is used to feedback the result of buffer 779 
after every run to the top to be summed at a summer 774 with the newly 

10 arrived data symbol. The feedback process is repeated eight times to collect a 
data symbol at the buffer 779 which is the summed result of all 24 channels. 
When additional channels are added, RAM 600 produces data symbols 
associated with the additional channels. Similar operation is performed with 
feedback 721. The feedback 721 is used to feedback the result of buffer 769 after 

15 every run to the top to be summed at a summer 764 with the newly arrived 
data symbol. To facilitate the process, buffers 722 and 723 are used to collect 
the chips which may make up one data symbol before it is passed on to the 
signal spreader. 

The previous description of the preferred embodiments is provided to 
20 enable any person skilled in the art to make or use the present invention. The 
various modifications to these embodiments will be readily apparent to those 
skilled in the art, and the generic principles defined herein may be applied to 
other embodiments without the use of the inventive faculty. Thus, the present 
invention is not intended to be limited to the embodiments shown herein but is 
25 to be accorded the widest scope consistent with the principles and novel 
features disclosed herein. 

WHAT IS CLAIMED IS: 
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CLAIMS 

1. In a communication system, a method comprising: 

encoding a block of data at an encoding rate 1/R, wherein said encoding 
produces R number of data symbols for every data bit in said block of data, 
thereby producing R blocks of data; 

partitioning a block of RAM into a plurality of blocks of RAM; 

writing data symbols of said R blocks of data into said plurality of blocks 
of RAM, wherein said writing is according to a predefined interleaving 
function. 

2. The method as recited in claim 1 further comprising: 
sequentially reading data symbols from each block of said plurality of 

blocks of RAM. 

3. The method as recited in claim 2 wherein said sequential reading 
begins at a first RAM block of said plurality of blocks of RAM. 

4. The method as recited in claim 3 wherein said sequential reading 
continues to a second RAM block of said plurality of blocks of RAM. 

5. The method as recited in claim 4 wherein said sequential reading 
ends at said second RAM block of said plurality of blocks of RAM. 

6. The method as recited in claim 4 wherein said sequential reading 
continues to a third RAM block of said plurality of blocks of RAM. 

7. The method as recited in claim 6 wherein said sequential reading 
ends at said third RAM block of said plurality of blocks of RAM. 

8. The method as recited in claim 2 wherein said block of data is 
associated with a first frame of data, thereby said writing is associated with 
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said first frame of data, wherein said reading is associated with a second frame 
4 of data, said second frame of data being in advance of said first frame of data 

for transmission from said communication system, and wherein said reading 
6 and writing are taking place simultaneously in respectively two sets of said 

plurality of blocks of RAM, wherein one set is associated with said writing and 
8 another set with said reading. 

9. The method as recited in claim 1 further comprising partitioning 
2 each block of said plurality of blocks of RAM to at least two sub-blocks of 
RAM. 



10. The method as recited in claim 9 wherein, via said writing step, 
one of said least two sub-blocks of RAM stores in-phase data symbols, and 
another quad-phase data symbols. 

11. The method as recited in claim 10 further comprising: 
sequentially reading data symbols from each block of RAM of said 

plurality of blocks of RAM, wherein said reading includes reading said least 
two RAM sub-blocks simultaneously, thereby producing, simultaneously, an 
in-phase data symbol and a quad-phase data symbol. 

12. The method as recited in claim 11 further comprising: 
scrambling said in-phase data symbols to produce scrambled in-phase 

data symbols. 



13. The method as recited in claim 11 further comprising: 
2 scrambling said quad-phase data symbols to produce scrambled quad- 

phase data symbols. 



The method as recited in claim 11 further comprising: 
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scrambling simultaneously said in-phase data symbols and quad-phase 
data symbols to produce scrambled in-phase data symbols and quad-phase 
data symbols. 

15. The method as recited in claim 14 further comprising: 
Walsh covering said scrambled in-phase and quad-phase data bits to 

produce Walsh covered in-phase and quad-phase data bits, wherein said Walsh 
covering is according to a Walsh code assigned to a communication channel in 
said communication system. 

16. The method as recited in claim 15 further comprising: 
summing said Walsh covered in-phase and quad-phase data symbols 

with respectively other Walsh covered in-phase and quad-phase data symbols 
to produce a summed Walsh covered in-phase and quad-phase data symbols. 

17. The method as recited in claim 16 further comprising: 
spreading said summed Walsh covered in-phase and quad-phase data 

symbols according to one of a QPSK and BPSK spreading schemes to produce a 
spread spectrum signal for transmission from said communication system. 

18. A communication system comprising: 

a channel encoder for encoding channel data; 

a block interleaver for interleaving encoded data symbols produced by 
said channel encoder to produce simultaneously in-phase interleaved data 
symbols and quad-phase interleaved data symbols. 

19. The communication system of claim 18 further comprising: 

a long code generator having an I-output and a Q-output for scrambling 
respectively said in-phase and quad-phase data symbols; 

an I-scrambler and a Q-scrambler for scrambeling simultaneously, using 
said I and Q outputs, respectively said in-phase and quad-phase data symbols 
to produce simultaneously scrambled in-phase and quad-phase data symbols. 
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20. The communication system of claim 19 further comprising: 
a QPSK/BPSK spreader receiving said scrambled in-phase and quad- 
phase data symbols to produce a spread spectrum signal for transmission from 
said communication system. 



21. The communication system of claim 20 further comprising: 
a Walsh code covering block for Walsh covering said scrambled in-phase 
and quad-phase data symbols before said QPSK/BPSK spreader for producing 
said spread spectrum signal for transmission from said communication system. 
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Communication System Method and Apparatus 

Abstract of the Disclosure 

A method and apparatus is provided for efficient processing of 
signal in a communication system. The processing of the signal for 
transmission may include encoding a block of data at an encoding rate 1/R. 
The encoding produces R number of data symbols for every data bit in the 
block of data. A block of RAM (299, 600) is partitioned into a plurality of blocks 
of RAM to allow reading simultaneously data symbols from the plurality of 
blocks of RAM to produce an in-phase and a quad-phase data symbols 
simultaneously. At least two scramblers (306 and 307) are used for 
simultaneously scrambling the in-phase and quad-phase data symbols. A 
Walsh covering/summing block (700) followed by the scramblers provides 
efficient Walsh covering and summing of signals for a combined transmission 
from the communication system. 
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Ple^p direct all telephone calls to Philip R. Wadsworth at (858) 651-4404 and address all correspondence to: Jean Lupien, 
QU^LCOMM Incorporated, 5775 Morehouse Drive, San Diego, California 92121-1714. 

Thereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or both, under 18 USC § and that such willful 



Full Name of Sole or First Inventor 
Nikolai Schlegel 


Inventor Signature 


Date 


Residence 

7552 Charmant Drive #1632, San Diego, California 92121 


Citizenship 

Germany 


Post Office Address " £ 

7552 Charmant Drive #1632, San Diego, California 92121 


rull Name of Second or Joint Inventor if any 
James Y. Hurt 


Inventor Signature 


Date 


Residence 

9260 Towne Center Drive, #17, San Diego, California 92121 


Citizenship 

United States 


Post Office Address ■ — 

9260 Towne Center Drive, #17, San Diego, California 92121 



5775 Morehouse Drive 
San Diego, California 92121-1714 
Telephone: (858) 651-4404 
Facsimile: (858) 658-2502 



